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COMPLETE SPECIFICATION 
Elastic-Fluid Turbines with Multiple Casings 



We, Societb Rateau, a French Body Cor- 
porate, of 40 rue du Colisee, Paris, Seine, 
France, do hereby declare the invention, for 
which we pray that a patent may be granted 
to us, and the method by which it is to be 
performed^ to be particularly described in 
and by the following statement: — 

The present invention relates to elastic- 
fluid turbines having multiple casings. 

For the construction of turbines, particu- 
larly steam turbines, which are required to 
withstand high pressures and often at the 
same time high temperatures, the advan- 
tages of a mode of construction using multi- 
ple casings one within the other are well 
known. In this mode of construction a 
single very thick waill is replaced by a series 
of very thin walls each of which is sub- 
jected only to a fraction of the total pressure 
difference between the interior of the tur- 
bine and the exterior thereof. This arrange- 
ment permits of more secure sealing of the 
housing, the sealing of the successive casings 
being easier to effect, and of limitation 
of the mass of metal subjected to the high 
internal temperatures by forming between the 
casings layers of fluid the temperature of 
which is controlled. Moreover, the small 
thicknesses associated with the said layers 
opens up the possibility of the temperature 
of the housing rising rapidly without develop- 
ing excessive thermal stresses, this being 
an important factor in the versatility of die 
machine. 

Figs. 1 and 2 of the accompanying drawings 
illustrate a conventional form of such an 
arrangement. Fig. 1 shows in longitudinal 
section a steam turbine the housing of which 
is constructed in accordance with the double 
casing principle and comprises therefore an 
internal casing C* and an external casing O. 
These two casings are to be seen in Fig. 
2 which shows the same machine in trans- 
verse section on the line 2 — 2 of Fig. 1, 

[Price 4s. 6d.] 



and in this figure can be seen the bolted 
parts B of the internal casing, the pro- 
vision of which is imposed by the selected 
nature of mode of assembly. This is in 
fact a machine with a horizontal- joint 
wherein the procedures of assembling and 
dismantling are based on the existence of 
a plane of section passing through the axis 
of rotation of the turbine and including all 
its fixed parts. 

The bolted portions B present a number 
of problems. In the first place, their busi- 
ness is reflected in the dimensions of the 
external casing^ further, owing to their prox- 
imity to the internal parts of the machine 
where the steam works they may be exposed 
to a high temperature. It will be appreciated 
that the difficulties are more acute when the 
pressure and temperature levels at the en- 
trance to the turbine calls for a triple casing 
construction, but they are essentially local- 
ised, being associated with the said bolted 
parts of the dnnermost housing. 

In accordance with the invention there 
is provided an elastic-fluid turbine having 
an internal casing in one piece enclosing 
at least the first stages of the turbine and 
at least one external casing, the stator blades 
of the turbine being supported in the in- 
ternal casing by diaphragms each made in 
at least two sections and mounted in a 
system of keys which prevent rotation of 
tne diaphragm in the internal casing, each 
diaphragm being mounted for free expansion 
in the radial direction and at least one dia- 
phragm bearing in the axial direction against 
a first ring placed within the internal casing 
and surrounding the next rotor disc and 
stator diaphragm downstream, the said first 
ring bearing an turn against a second ring 
against which the diaphragm which the said 
first ring surrounds bears, and the second 
ring bearing against an abutment removably 
mounted in the internal casing. 
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The external casing is preferably made 
in two parts joining in a diametrical plane 
extending axially of the casing. 
The invention will now be more fully 
5 described with the aid of examples illus- 
trated in the remaining figures of the accom- 
panying drawings, in which 

Fig. 3 is a vertical half-section through 
the axis of the initial stages of a steam 
10 turbine and an internal casmg surrounding 
them, 

Figs. 4 'and 5 are transverse sections on 
the lines 4 — 4 and 5 — 5, respectively, of 
Fig. 3 on a reduced scale, the line of sec- 
15 tion of Fig. 3 being shown as 3 — 3 in Fig. 
4, 

Fig. 6 is an axial half-section on a larger 
scale of an alternative mounting of the 
nozzle ring of the first stage, 
20 Fig. 7 is an axial half-section of an alter- 
native construction of the sealing means at 
the upstream end of the rotor shaft of the 
turbine, 

Fig. 8 shows the first stages of a steam 
25 turbine with a triple casing, seen in hori- 
zontal axial half-section, along the line 8 — 8 
of 

Fig. 9, which is a part view in section 
on the line 9—9 of Fig. 8, 
: 30 . Fig. 10 is a vertical half-section through 
the axis of the said first stages, along the 
line 10—10 of Fig. 9. 

The steam turbine, the initial stages of 
which are shown in detail in Figs. 8, 9 and 10, 
35 comprises a rotor A with axis XX 1 , of which 
only the rotor discs of die initial stages, 
such as R are illustrated. These rotor discs 
carry the moving blades m. The fixed 
stator blades / are carried by diaphragms 
40 D which are fixed, as will be seen later, 
to the internal casing E which is open at 
its downstream end. The internal casing £ 
is enclosed in successive casings such as 
E 1 and E 11 , which also enclose the subsequent 
45 stages of the turbine located to the right 
of Fig. 8. The steam is admitted by radial 
orifices such as O into an annular cavity 
T formed in known manner in the internal cas- 
ing, and it leaves at C to perform work in 
50 the subsequent stages of the turbine. This 
steam leaving the space C in the internal 
casing expands over the whole space G 
included between the innermost casing E and 
the next casing ff. 
S3 Fig. 3 illustrates in longitudinal section 
a first embodiment the transverse section 
4 — 4 of which is shown in FSg. 4. It will 
be noted that the casing E is circular and 
is a body of revolution with respect to the 
60 axis of the machine. The steam is admitted 
to an annular cavity. Through a plurality 
of radial orifices such as O. 

In conventional manner each expansion 
stage of the turbine consists of a diaphragm 
such as D carrying the fixed stator blades /, 



and a rotor disc such as R the moving blades 
m of which receive impulse from the steam 
expanded in the fixed blades. Each of the 
diaphragms such as D contained in the 
casing E is cbristructed$ as shown by Fig. 70 
4, in two half-pieces D 1 -and D u which are 
symmetrical with respect to the horizontal 
plane passing through the axis XX 1 of the 
turbine; it wSl be seen later how this arrange- 
ment is imposed by the conditions of assem- 75 
My. Since a diaphragm in direct contact with 
the motive fluid reaches its normal operating 
temperature more rapidly than the casing E, 
it is necessary that it should be capable 
of free expansion whilst retaining, for obvious 80 
mechanical reasons, the coincidence of its 
centre S with the axis XX 1 of the turbine. 
With this object four keys H each located 
at an end of one of the orthogonal dia- 
meters Xj^-Xi and X- — X 2 of the diaphragm 85 
guide its thermal expansion; these keys are 
held in position by a finger K fixed in the 
casing E. Account has also been taken of 
the axial thrust of each diaphragm, resulting 
from the difference in the pressures acting 90 
on their upstream and downstream faces; 
this thrust causes the diaphragm D to bear 
against a continuous circular ring I which 
encloses the diaphragm D 3 which itself bears 
against a ring I 1 . The assembly of the rings 95 

I associated with the successive stages en- 
sures the transmission of the thrust of the 
diaphragms to a final abutment F located 
in the casing E and constituted for example 

by a ring formed from a plurality of sec- 100 
tors held by a ring M fixed on the last ring 

I I by screws M 1 . 

The rings I avoid a difficulty which would 
arise if the diaphragms bore directly against 
oite another. In fact, each of them would 105 
then be subjected to the sum of the thrusts 
of the diaphragms located upstream and its 
free expansion would then be obstructed by 
considerable friction. Moreover, by prevent- 
ing direct contact with the casing E of 110 
the steam that flows at high speed through 
the turbine these rings act as thermal 
screens that limit the flow of heat that pene- 
trates into .this casing, and consequently limit 
permanent or temporary thermal stresses. 115 

It is clear that there should be some play 
at the periphery of the rings I so as to per- 
mit of their assembly and to make them func- 
tion efficiently as thermal screens. But at 
the same time steps must be taken against 120 
leakages that could occur due to this play, 
after the first rotor stage, by finding a way 
out through the holes through which the 
fingers K pass through the ring I-. The re- 
quired sealing is ensured by means of seal- 125 
ing rings W of known type surrounding the 
fingers K and may be improved by locating 
sealing segments or rings Q at the periphery 
of the ring I 2 . 

It will be understood that although not 130 
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illustrated completely in .the drawing the 
fixing and' sealing devices of the other dia- 
phragms such as Di and D a arid of the other 
rin^ such as Ii also the sealing segments 
5 of the last ring I 1 are the sairie same as 
those just described. 

The seating between the shaft A of the 
turbine arid the diaphragriis such as D is 
ensured in known nianher by sealing rings 

10 A2 fixed to -these diaphragms and co-oper- 
ating with grooves A t fonried iri die peri- 
phery of this shaft. 

The pressure existing in Q at the exterior 
of the internal casing E is* as already iridi- 

15 cated, equal to the pressure at which the 
steam emerges frotri the last rotor stage con- 
tained in tiiis casing, so that considerable 
leakage tends to occur along the shaft A 
from the first rotor stage towards the exterior, 

20 and this calls for the provision; of a fairly 
long seal G carrying a large number of seal- 
ing rings A3 co-operating with the grooves 
Ai of this shaft. This sealing ring G, as 
shown in Fig. 5 which is a transverse section 

25 on the line 5—5 of Fig. 3, is made up of 
two half-pieces G* arid G 11 which are sym- 
metrical and have a diametrical plane of 
joining and are mounted for free expansion 
in accordance with a principle simitar to that 

30 of the diaphragms. In the two planes a^-a 
arid 5—5 the ends of two orthogonal dia- 
meters of the sealing ring G are held by 
keys such as N and N l fixed <by means not 
illustrated and permitting the sealing ring G 

35 to expand freely in radial* directions. In ad- 
dition, the action of pressure: forces the 
sealing ring G against an abutment surface P 
on the casing E. 
The nozzle blades ft of the first rotor stage 

40 may be made in a plurality of monobloc 
sectors disposed in a groove U of .the cas- 
ing E and held in place by a continuous an- 
nular ring I 11 which .transmits to an abutment 
ring F 1 file thrust resulting from! the pres- 

45 sure drop of the first stage. From consider- 
ations of assembly the ring P may for ex- 
ample be made from a plurality of sectors 
adjusted and fixed by a ring F 1 fixed to 
the ring I 11 by screws F^ Sealing of the 

50 connection may be obtained either by means 
of sealing rings or segments Q 1 at the peri- 
phery of V 1 or by arranging for the ring 
F 11 to project into the ring F. 

Fig, 6 shows a modified arrangement for 

55 fixing the nozzle blades fi of the first stage 
in> the casing E. In this case there is first 
formed with the blades a complete circum- 
ference which is held in a manner already 
described at its external periphery by means 

60 of a ring I 11 ^ and an abutment ring F x held 
by a ring F 11 ^ and at its inner periphery by 
means of an abutment ring and an abut- 
ment ring F 2 held by a ring F 1 * in the groove 
U. Sealing may also be effected by segments 

65 such as Q l (Fig. 3) not shown in Fig. 6. 



Fig. 7 shows a inodification of the sealing 
ring G which in this case includes an annu- 
lar admission part T which may simplify 
the forriiation of the casing E. However, guid- 
ing for free expansion is ensured* only in a 70 
single plane a^a. In thb embodiment the 
nozzle blades fi may also be inourited in a 
single piece (as in the case of Fig. 6 and 
riot in a plurality of sectors as iri the case 
of Fig. 3) and its inner surface rests on the 75 
sealing ring G and not in the groove U of 
the casing E. 

In order to effect assembly of the internal 
structure constituted by the inner casing E 
and the elements that it contains, the two 80 
halves (such as D l and D 11 , Fig. 4) of the 
largest and last diaphragm- D3 are placed on 
opposite sides of the rotor arid joined to- 
gether along their plane of. section between 
the two Bast discs R arid R3 of the rotor, 85 
then the diaphragiri D3 thus formed is 
placed in the circular ring I after the keys 
such as H have been provisionally located 
by known means. The operation is repeated 
for the successive diaphragriis such as D and 90 
D 2 arid for the corresponding rings such as 
It, proceeding towards the admission end. 
The two halves G l and G u of the sealing 
ring G are then applied to opposite sides 
of the shaft A. The sealing rings such as 95 
Q arid W are then put in place, then the 
last ring P and its abutirient ring M are 
put in place and temporarily held, and the 
casing E itself is slipped on from* the up- 
stream direction towards the downstream 100 
direction over the circular rings such as I 
and the sealing ring G, the casing fi having 
previously been provided as above explained 
with the nozzle blades /, of the first stage. 
It then remains to place in position and fix, 105 
by known means, the fingers K, then to place 
in position the abutment sections F and to 
fix the holding ring M to the ring I 1 by 
means of screws M 1 . Each key N, which may 
be integral with the sealing ring G or has 110 
previously been fixed: thereto penetrates into 
its groove Nj by the open end N 2 thereof 
(Figs. 3 and 5) at the instant at which the 
casing E is moved in the downstream direc- 
tion. The keys N 1 are placed in position 115 
in their groove N\, to complete the opera- 
tion, at the open ends N' 3 of these grooves 
in which they are fixed by known means. 

In the case in which 1 the casing E and the 
sealing ring G are constructed in the manner 120 
illustrated in Fig. 7 assembly is effected in 
exactly the same way. The ring constituted 
by the nozzle blades f t of the first stage is 
fixed at its external surface to the casing E 
as has been explained above, then this cas- 125 
ing E is slid over as before in the downstream 
direction on to the circular rings I and the 
sealing ring G. The inner surface of the 
ring constituted by the blades /, is of a 
diameter sufficient to pass over the outer 130 
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surface of the sealing ring G constituting the 
inner wall of the cavity T. 

It is now proposed to describe how the 
internal: structure, of which the principle arid 
5 various forms of construction have just been 
explained, may be mounted in the interior of 
the other casings. Fig. 8 is a view in the 
plane of the horizontal joint of a triple cas- 
ing E, E 1 arid E n and Fig. 9 illustrates the 
10 part of the section 9—9 of Fig. 8 included 
between* the plane of the joint 8 — 8 arid 
the vertical' plane 10 — iO passing through 
the axis; XX 1 of the machine. The inner- 
most casing E rests through the intermediary 
15 of feet such as V x and VS on the plane 
of the horizontal joint 8 — 8 of the casing 
that follows, viz E l . The feet are grouped 
in pairs, one of them Vj, ensuring normal 
repose of the internal casing and thus trans- 
20 mitting to the lower half section of the fol- 
lowing casing E l a reaction directed down- 
wardly, the other, V*i, preventing the rocking 
of the inner casing and in some cases apply- 
ing an upwardly directed reaction to the 
25 upper half section of this casing E 1 . There 
are^ in all, four systems of pairs of feet, 
located substantially at the ends of the two 
horizontal generators of the internal casing. 
Fig. 10> which is a section of the casings 
30 on the vertical plane 10 — 10 passing through 
the axis XX 1 of the turbine, shows with Fig. 
9 the arrangements made for centering of 
the internal casing and for locating it longi- 
tudinally. The necessary connections are en- 
35 sured by members contained in the ver- 
tical plane of symmetry 10 — 10; on the one 
hand by pins Z x and Z 2 that fix the trans- 
verse plane 9—9 as the origin of the longi- 
tudinal expansions of the inner casing with- 
40 in the second casing E 1 and on the other 
hand 1 by keys Yi and Y 2 that centre the 
internal casing at its other end where they 
guide its expansion parallel to the axis of 
the machine. This assembly allows free 
45 thermal expansion of the internal casing 
within the casings surrounding it which with 
respect to one another are mounted in ac- 
cordance with similar principles. 
WHAT WE CLAIM IS: — 
50 1. An elastic-fluid turbine having an in- 
ternal casing in one piece enclosing at least 
the first stages of the turbine and at least 
one external casing, the stator blades of 
the turbine being supported in the internal 
55 casing by diaphragms each made in at least 
two sections and mounted- in a system of 
keys which prevent rotation of the diaphragm 
in the internal casing, each diaphragm being 
mounted for free expansion in the radial 
60 direction and at least one diaphragm bear- 
ing in the axial direction against a first ring 
placed within the internal casing and sur- 
rounding the next rotor disc and stator dia- 
phragm downstream, the said first ring 
65 bearing in turn against a second ring against 



which the diaphragm which the said first 
ring surrounds bears, and the second ring 
bearing against an abutment removably 
mounted in the internal casing. 

2. A turbine as claimed in claim 1 in 70 
which the keys which prevent turning of each 
diaphragm are attached to the internal cas- 
ing by fingers which pass freely through the 
said first ring. 

3. A turbine as clairiied in claim 2 having 75 
seals between the rings and the fingers which 
hinder leakages of working fluid. 

4. A turbine as claimed in any of claims 
1 to 3 having seals between the rings and the 
internal casing which hinder leakages of 80 
working fluid. 

5. A turbine as claimed in any of the 
preceding claims in which the nozzle blades 
of the first rotor stage bear in the axial direc- 
tion at their outer and/or inner periphery 85 
against an abutment ring in one piece which 

is placed iri position by sliding in an upstream 
direction and attached to the internal casing. 

6. A turbine as claimed in any of the 
preceding claims having an annular admis- 90 
sion chamber at least part of the walls of 
which are in one piece with the internal 
casing. 

7. A turbine as claimed in claim 6 in 
which the admission chamber is wholly 95 
formed in the internal casing, having, in 
order to prevent losses of working fluid in 

an upstream direction around the shaft, a 
sealing ring in two halves which are inserted 
in an upstream direction to bear against a 100 
surface of the internal casing and are held 
in the internal casing by keys arranged in two 
transverse planes near the upstream end of 
the sealing ring in such a way that this can 
expand freely. 105 

8. A turbine as claimed in claim 6 in 
which the walls of the admission chamber are 
formed partly by the internal casing and 
partly in a sealing ring which prevents the 
escape of working fluid in an upstream direo- 110 
tion around the shaft, the said sealing ring 
being inserted in an upstream direction to 
bear against a surface of the internal casing 
and being held in the internal casing by 
keys which are arranged in a transverse plane 115 
at the upstream end of the sealing ring to 
prevent it from turning, the nozzle blades of 

the first stage being mounted at their inner 
periphery on the sealing ring and at their 
outer periphery on the internal casing. 120 

9. A turbine as claimed iri any of the 
preceding claims in which the internal cas- 
ing is mounted in the external' casing by 
means of pins located in the same transverse 
plane as the^ radial supply openings of the 125 
annular admission chamber of the turbine, 

the pins serving to fix this plane as the ori- 
gin for the longitudinal expansion of the in- 
ternal casing inside the external casing. 

10. A steam turbine substantially as des- 130 



1,010,300 



cribedi with reference to Figs. 3 to 5 of 10 or 11 having the features described with 

the accompanying drawings. reference to Figs. 8 to 10 of the accompany- 

11. A steam turbdne as claimed in claim ing drawings. 10 
10 having the modifications described with 

5 reference to Fig. 6 or 7 of the accompany- REDDIE & GROSE, 

ing drawing?. Agents for the Applicants, 

12. A steam turbine as claimed in daim 6, Bream's Buildings, London, E.C.4, 

Leamington Spa: Printed for Her Majesty's Stationery Office by the Courier Press.— 1965. 

Pubusned at The Patent Office. 25, Southampton Buildings, London, W.C2, from which copies may be obtained. 
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